Background: Several previous researchers have investigated the prognostic value of the combinations of systemic inflammatory markers. However, the prognostic power of these systemic inflammatory markers is not identical. We aimed to establish a novel prognostic score based on systemic inflammatory markers.
Introduction
Emerging evidence suggests that inflammatory cells are an essential component of the tumor microenvironment, and the inflammatory response serves as a crucial role in cancer development and progression and may be associated with systemic inflammation [1] . The systemic inflammatory response is associated with survival in patients with non-small cell lung cancer (NSCLC) [2, 3] .
The systemic inflammatory response can be usually monitored using the concentration of specific serum proteins (albumin and C-reactive protein (CRP)) and a differential blood cell count (neutrophil, lymphocyte and platelet). Several previous researchers have investigated the prognostic value of the combinations of these systemic inflammatory markers including Glasgow prognostic score (GPS), neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), prognostic nutritional index (PNI), systemic immune-inflammation index (SII), advance lung cancer inflammation index (ALI) and inflammatory prognostic index (IPI) [4] [5] [6] [7] [8] [9] [10] . As shown in Table  1 , these indexes consist of the serum CRP level, serum albumin level, neutrophil count, lymphocyte count, platelet count and body mass index (BMI) [4] [5] [6] [7] [8] [9] [10] . However, the prognostic power of these systemic inflammatory markers is not identical. Therefore, the purpose of this study was to investigate the more powerful prognostic inflammatory marker and establish a novel inflammatory prognostic index for NSCLC.
Tomita et al
World J Oncol. 2019;10(4-5):176-180 gery. Preoperative patient' data were retrospectively extracted from the patients' medical records. All patients in this study were staged according to the eighth edition Cancer Staging [11] . All patients routinely received the preoperative positron emission tomography (PET)/ computed tomography (CT) scans and brain magnetic resonance imaging (MRI) during staging. However, none of patients received invasive staging such as mediastinoscopy. There were 38 patients with pStage II and 55 patients with pStage III. Among these patients, 10 patients with pStage II and 31 patients with pStage III received postoperative adjuvant therapy (platinum-based chemotherapy). Other patients refused the proposed chemotherapy. The follow-up period was more than 5 years for all patients. The optimal cut-off values were determined according to previous reports [4] [5] [6] [7] [8] [9] [10] 12] . Briefly, the cut-off value of ALB, NLR, CRP, BMI and PLR was determined as 3.5 g/dL, 5, 0.13 ng/dL, 20.6 and 170.5, respectively. Survival curves were plotted via the Kaplan-Meier method and differences were compared using a log-rank test. Variables that were significant in univariate analyses were included in a multivariate analysis, which was performed using the Cox proportional hazards model. All reported P-values are two-sided. P-values < 0.05 were considered statistically significant in the univariate analyses and multivariate analyses. All statistical analyses were performed using JMP software, version 12.2.0 (SAS Institute, Cary, NC, USA). Table 1 , previously reported indexes were based on CRP, ALB, NLR, PLR and BMI. Firstly, we examined the prognostic power of these factors. As shown in Table 3 , the univariate analysis revealed that all of CRP, ALB, NLR, PLR and BMI were related to cancer-specific survival. A multivariate analysis by Cox regression model showed that CRP and BMI were independent prognostic factors.
Results

As shown in
According to this result, we establish a novel score based on preoperative CRP and BMI. Patients with both normal CRP (< 0.13 ng/dL) and high BMI (> 20.6 kg/m 2 ) were allocated a score of 0. Patients in whom only one of these abnormalities was present were allocated a score of 1, whilst those with both abnormal CRP and low BMI were given a score of 2. There were 181 patients with score 0, 170 with score 1 and 49 with score 2.
Since the number of patients with score 2 was small, patients were subdivided into two groups: score 0 and score 1 -2.
As shown in Figure 1 , patients with score 1 -2 had a significantly poor 5-year cancer-specific survival compared to those with score 0 (61.88% vs. 84.40%, P < 0.001).
By univariate analysis, gender, smoking status (current/ former vs. never), histology (adenocarcinoma vs. others), pT status (pT1 vs. pT2-3), pN status (pN0 vs. pN1-2), serum carcinoembryonic antigen (CEA) level (normal vs. high) and this novel score (score 0 vs. 1 -2) were significantly associated with the 5-year cancer-specific survival. All seven clinicopathological characteristics were further investigated in multivariate analysis ( Table 4 ). As also shown in Table 4 , gender (P = 0.001), histology (P < 0.001), pN status (P = 0.003), serum CEA level (P = 0.002) and this novel score (P = 0.001) were independent factors in predicting overall postoperative cancerspecific survival, while smoking status and pT status were not.
Discussion
Previous studies have identified several inflammation/nutrition biomarkers as prognostic factors in patients with NSCLC [4] [5] [6] [7] [8] [9] [10] . In the present study, we establish a novel prognostic score based on CRP and BMI, and found that this novel score was a powerful prognostic factor in resected patients with NSCLC.
CRP is a non-specific marker of inflammation [13, 14] . High CRP level has been reported to be significantly associated with poor prognosis in NSCLC [13, 14] . The underlying molecular mechanism by which serum CRP level is associated with a worse outcome of NSCLC is still not clear. Lee et al reported that lymphovascular invasion and pathologic tumor size are associated with preoperative serum CRP level [15] . High serum CRP level has also been associated with increased weight loss, reduced performance status, increased fatigue and decreased survival [16] . According to these findings, high serum CRP levels may predict poor survival.
Recently, nutritional assessment has been the focus of attention in patients undergoing surgery and the impact of BMI on long-term survival in patients with NSCLC requiring surgery has been reported [17, 18] . However, the causal relationship between low BMI and poor prognosis of lung cancer is not clearly understood, and the effect of nutritional support on the surgical outcome is also unknown. Low BMI has been Novel Inflammatory Score for NSCLC World J Oncol. 2019;10(4-5):176-180
reported to be associated with an impaired immune function, thereby resulting in poor prognosis [18] .
Taken together, CRP and BMI were useful inflammation/ nutrition prognostic biomarkers, consistent with our results. To our knowledge, there was only one previous study that found the relationship between CRP + BMI and survival undergoing lobectomy for NSCLC [12] . They also used multivariate analysis and found that preoperative BMI and CRP were risk factors for poorer prognosis in smokers [12] . Unfortunately, they found this prognostic significance only in smokers and failed to find in non-smokers [12] . On the other hand, we found the prognostic significance of CRP and BMI, independent of smoking.
Considering NLR, we failed to find the independent prognostic significance of NLR (Table 3) . Previously, the meta-analyses were performed to demonstrate the relationship between NLR and survival of patients with NSCLC [5, 19] . However, the cut-off value of NLR used in each study was not consistent, ranging from 2.5 to 5.0 [5, 19] . Peng et al [5] also performed a subgroup analysis based on cut-off value. They showed that compared with other subgroups, the subgroup with a cut-off of 5 had a significantly poorer survival with less heterogeneity. Therefore, we selected the cut-off value of NLR as 5. Yin et al [19] also performed a meta-analysis for NLR, and reported that a subgroup analysis with an NLR of ≥ 4 is a more stable threshold for predicting prognosis and revealed significantly lower heterogeneity. Therefore, there is a possibility that when we selected another cut-off value, we might show other results about NLR. Peng et al [5] also reported that surgery subgroup seemed to have not a significant impact of NLR on survival compared with the chemotherapy subgroup. However, Yin et al [19] showed the prognostic significance of NLR for surgery subgroup. Thus, there is a possibility that a different cut-off value might exist for surgery subgroup and chemotherapy subgroup.
In this study, we revealed that this novel score based on CRP and BMI was an independent significant predictive factor for resected NSCLC. This score is simple, inexpensive and it does not require extra equipment. Thus, CRP and BMI should be taken into consideration in the therapeutic program for resected NSCLC. From the present results, induction and/ or adjuvant chemotherapies may have a significant role to play in NSCLC patients with high score. Therefore, the subgroup of NSCLC patients with high score could represent a reasonable study population for an induction and/or adjuvant therapy trial. Further prospective studies in this area are warranted. Unfortunately, we have no data about the postoperative serum CRP level and BMI. Therefore, we are now collecting these data, and we will report the relationship between postoperative change and patients' survival in our next study.
Our study had several limitations. It was a single-center, retrospective study with relatively small sample size. Thus, conclusions from the present study may have a bias, indicating that studies using a larger population are needed.
In conclusions, we demonstrate the prognostic significance of a novel score based on CRP and BMI in patients with resected NSCLC. 
